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FREFACE

This document constitutes one volume of the final report prepared under
Contract NAS9-9046, Space Stetion fafety Study, which was conducted by

the Aerospace Systems Divlsion, Aerospace Group, The Boeing Company, under
the dtrection of the Advenced Projects Office, Advenced Mlssions Program
0ffice, Mammed Spacecraft Center, NASA. The objective of the study was

to develop & menagement tool for evaluating conceptual designs of future
menned space systems from a safety viewpolnt. This objective was achieved
through the application of methodicel tecbniques, which are described
where necessary in sppropriate volumes of this final report, for analyzing
space station safety problems. This work resulted in the development of
Crew Safety Guidelines which can be used in evaluating future space
station concepts.

In Phase I of the study, the work was directed toward a broad class of
space statlons, using several specific configurations as examples, and
considering both crew safety and mission accomplishment as safety goals,
In May 1969, the study was redirected by NASA into Phase II to provide
more direct support to the NASA Phase B Future Space Station Study,
considering only crew safety as the safety goal. To the extent possible,
the work done In Phase I was revised and adapted to Phase II and all
documents of this final report, except as otherwise noted, include the
results from both phases. In both phases the study scope included only
on-orbit operations and not launch, boost, de-orbit, and recovery opera-
tions, or any operations of the logistics support system, except for
close-in rendezvous and docking operations.

The approach taken in the study was to examine the space station from the
viewpoint of safety only, with the intent of identifying as complete a

1ist as possible of those measures which should be taken to maximize crew
safety. Also, and especially in Phase II, the study dealt primerily with
station concepts, rather than specific designs or hardware items. It was
not possible, and no attempt was made, to examine the impact of safety
measures on other importent aspects of space station development, such as
cost, design difficulty, or operational suitability. As station develop=-
ment proceeds, trade studles between safety measures and other factors will
be rcquired and management decisions must be made as to the extent to which
other desirable features will be permitted to override safety measures.

The documents constituting the final study report are:

e D2-113070-4, Condersed Summary Report

¢ IB-113070-5, Crew Safety Guidelines, Volumes I and IT
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D2-1130T0-20

D2-113070-6, Supporting Analyses

e Analysis of Operatlons

e [Experiment Program

e Traft'ic Patterns Analysis

e Human Requlrements

® Meteorold Penetration

DE=-113070-9, Logic Dlagram

D2-113070-10, Fault Trec Analysis

e...D2=113070~1l.,-Subsystems Analysis

Other documents produced during the study but not part of the final

report are:

The references applicable to this document are shown in Section 6.0.
However, all the references for those documents which comprise the finsal
study report are compiled in D2-113070-5.

D2-113070-1, Detail Study Plan (Phase I only)

D2-113070-2, Midterm Oral Report

D2-113070-3, Final Oral Report

D2-113070-7, Baseline Mission Description (Phase I only)

D2-113070-8, Baseline System Description (Phase I only)

iv
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ABSTRACT

A number of functions in an Earth-orbiting space station concept were
investlgated for safety implications by the fault tree analysis technique.
Certain major undesired events, selected from a logic analysis of the
spacc system concept (see DQ-ll3070-9), were subjected to the fault tree
analysls to identify safety guidelines at a level of detail commensurate
with study objectives. These analyses provide a rationally developed
and orderly foundatlion for generating the safety guldelines, and display
the relationships of potentlal undesired events to the basic functions
that arc characteristic of space system operations. This document con-
tains a description of the fault tree technlque, a complete file of the
trees which were developed during the course of the Safety Study, and an
index to the guidelines which were derlved from the analysis. The guide-
lines themselves are compiled in Document D2-113070-5.
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radiation hazard
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space system

temperature extremes

undesired event
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1.0 INTRODUCTION

1.1

The systems safety fault tree analysis provides a graphlc representation
of' Boolean relationships between discrete normal and adverse sltuatlons
which, taken singly or in combination, could result in the development of
a specific undesired event. During conceptual evolution of & system, the
fault tree technlque can be used effectively to identify causes of un-
desired events, leading to the generation of safety guidelines by which
the impact of such undesired events could be reduced or prevented.

l.2

This document contains the three specific fault trees developed during the
Space Station Safety Study, explanations of the symbols, terminology and
methods which were used, and references to the safety guldelines which
were derived from the identification of numerous events. The safety
guidelines themselves are presented in Document D2-113070-5. Other poten-
tial candidates for fault tree analysis are mentioned in Paragraphs 2.1.3
and 2.1.4, which could be considered for development during subsequent or
follow-on studies.

1.3

Although the orbiting space station received primary attention, most
safety aspects of the space base also are included since the fault tree
anelysis was general enough to be equally applicable to either configura-
tion. The top level undesired events analyzed by this technique are
extensions of certain proposition statements in the logic analysis docu-
ment, D2-113070-9, which are repeated at the beginning of the respective
fault trees.
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2.0 FAULT TREE RATIONALE

2.1 FAULT TREE ANALYSIS METHOD

2'-L.l

A fault tree 1s a model of the varlous parallel and sequential. combina-
tions of component states that can cause, or result in, the occurrence of
a specified system state (an "undesired eveat")., A fault tree analysis is
the process by which the fault tree model is generated, Tt is & deductive
technique which can be applied to the investigation of either gross or
detalled systems, The depth to which the fault tree can be evolved ig
restricted only by the level of detall avallable. The fault tree analysls
performed during this study was carried to & level of detall that was

felt to be consistent with the space stallon roncepts embodied in Reference
No. 92. Thus, confined to this detail, the analytical effort resulted in
& gross, top-level fault tree carried down only to major components or
functions. A top-level fault tree of this type cen make a significant
contribution to the primary objective of a preliminary hezard analysis in
producing crew safety guidelines related to the selected undesired events.
This approach also lends itself to a secondary objective, that of further
development with minimum or no modificetion should the analysis effort

be continued later when additional system detall is available.

2.1,2

The methods and techniques of conducting a fault tree enalysis generally
are well known and heve been described at length in other documentation;
however, in brief, the analysis is conducted in the following menner:

Step 1. State the undesired event.

Step 2. Subdivide the problem by system elements, classes of causes,
mission phases, etc.

Step 3. State all the immediate, necessary events which will cause
each undesired event of Step 2 to occur.

Step 4. Continue as in Step 3, until the most baslc identifiable
causal events have been established.

This process results in a progressively downward expending "tree" of
events, whose relationships are shown by certain symbols and interconnect-
ing lines. The symbols and their usage are described in Section 3.0.

2.1.3

In addition to continued development of the present work, the scope of this
analysis may also be expanded by developing further undesired events identi-
fied within the logic anelvsis. Examples could include such events ass
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"Crow members arve cendanpgered due to rate of s.pply of breathable
oxyeen deereasing below rate necessary to sustain 1iie,"---Refercnce
De-112070-9; propecdition L9K.,

"Crew members ore ondangered by exposure to hazardous chemicals,'---
Reference De-1130°70-9; proposition 32B.

"Crew members are endangered due to deprivation of food or water."---
Reference DP-113070-9; proposilion 41C.

"Crew members are endanperced due to collision wlith parent spaceccrait.
and loglsties vehlele,"--~Reference DR2-113070-9; proposition 63B.

It should be noted thoat the foregoing are nol verbatim quotations from the
original. proposltions, but rather have been paraphre:cd to place them ln
the fault Lree context of undescired cvents,

el ok

Arcus of future aualytls may also be ldentifloed by Inductlve or ilntultive
means, and related dlrecetly to an undesired cvent of a speelfle pouventlal
accident, hazardous condltion, or cubsystem/hardwarc Callure. Examples
of these cevents could inelude:

"Inadvertent Lgnition of propulsion module engine."
"Crew endangercd ty radiation releasc from nuclear power gencrator."

"Crew endangered by failure of Environmental Control and Life Support
System."

"Cabin atmospheric thermal circuit falls."

2.2 FAULT TREE AND LOGIC DIAGRAM PHRASEOLOGY

2.2.1

Fault tree statements are phrased differently from those appearing in the
logic diagram. The logic diagram statements used in this study generally
reflect a favorable situation or the accomplishment of a successful
activity; e.g., "There will be no immediate danger of directly fatal
exposure of any crew member to heat." Fault tree ctatements, on the other
hand, assume an unsuccessful missicn or hazardous condition: "Crew members
will be injured through exposure to potentially fatal heat (or cold)."
Thue, a fault tree statement will be in most cases the negative or inverse
of a corresponding loglc diagram statement. While reasoning processes are
the same in either case, the statement of an undesired event as an element
in a troublesome situation permits direct identification of a fault or a
hazardous condition contributing to that event. FPecause fault tree state-
ments frequently are given only in topical or key-word form, however, the o

T W epe e T
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reader 1g cautloned to examine carefully the total context within which
these statements are made, to avold possible confusion, erroneous conclu~-
siona or misunderstanding of the enalyst's intent,

2—-‘.2.2

Failure of an item ie termed ' prim&ry when 1t fails while functioning
within 1ts normal operating mode, or "secondary" when fallure is due to
Tunctioning outside speelfied tolerance limits or is the result of an
c#trancous influence, Where the words "command function" or their equiva-
Lent appenr In the desoription of an undesired event, they indicate thet

n fallure in the ftem or function being enalyzed occurs as a consequence
of an netion (or non-aef1on) taking place in some other system or compo-
nent, which dictates ("commands") the manner in which the item functions.

“e3 END-POINT CODES

lineh event, denoted by a cirele (3.4) or a diamond (3.5) 1s the lowest
level of development for that branch of the fault tree. Accordingly, the
(Vunl has becn asclegned one of the following five codes to indicate its

dtntus In the analysls, as of the time the study effort was terminated.
uUV(lul of the events assigned Code I appear to warrant considerable
further investigatlion, if and when the opportunity shculd arise during
subsequent programs. Sce Sectlon 4.0 for a detailed discussion on many
of the end-points that were identified.

Code

I. An event in which insufficlent data or time exists within the scope
of this study for effective further development...-.— .ce.coomm

II. Continued analysis of this event would be redundant; development of
& similar event exists elsewhere. This code carries an asdditional
ldentifier in parentheses which locates by chart number and event
designator where a similar event has been developed in the auslysis.
In the following example, expansion of an event similar to Event "E"
is accomplished on Chart 1.8 under Event "B"j
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TII. The effect of the end-point is deemed insignificant and further
development 1s not warranted.

iv. Basic or inherent fault; no further development possible. (Primary
failure.)

V. A fault event assumed to occur for the development of the fault
path. It also may be a naturally hazardous state of the system.

i N PN e T :‘t- —\. :' : RN
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3.0 FAULT TREE SYMBOLS

3.1 RECTANGLE
A rectangle indicates an event., It is
INJURY RESULTS | always used in combination with one or
FROM FAILURE another of the following symbols, which
TO CONTROL FIRE 1s placed immediately below and adjacent
to 1t. The event 1s ldentified by a

letter in the top portlon of the symbol,
If the event 1s repeated on another chart,
or elsewhere on the same chart, the chart
number and the other ldentifier are glven
in the lower portion of the symbol. In
some cases the event may bhe re-stated,
when transferred to a new chart, for the
sake of clarity end completeness,

3.2 "OR" GATE

( Output The "OR" gate indicates a situation
wherein the output event will exist if one
or more of the input events exist. The
analogy of an electric circuit, shown in
Figure 3-1, aptly illustrates the "OR"

rereee gate concept.

2 or more Inputs

. LIGHT C
OFF
: ) g
_J_._ A B c
Y = | ]
T SW A SW B
OPEN OPEN

( FIGURE 3-1: EXAMPLE OF "OR" GATE
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"AND" GATE

(9%

4

2 or more Inputs

I'I'I'—l
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The "AND" gate indicotes a logical opera-
tion In which the co-~exlstence of all
input events 1o required to produce the
output event, as 1llustrated by the
eleetric circult in Figure 3-2,

LIGHT C
OFF

FIGURE 3-2:

SW A SW B
OPEN OPEN

EXAMPLE OF "AND" GATE

The circle indicates an elemental end
event which is not amenable to further
development.

The diamond indicates an event that is the
lowest level to which that particular
brancn of the fault tree has been developed
in this study. The possible causes of the
event have not been analyzed further either
because the event was not considered to
warrant further study, the necessary infor-
mation for further study was unavailable,
or study limitations did not permit
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continued evaluation., (S8ee Section %.0.)
Each event denoted by a dlamond 1s coded
by & roman numeral Just below the hox to
Indicate 1ts status in the analysis. The
code 18 explalned in Section 2,0.

The triangle indicates that an expansion
of the event appears elsewhere. The
location of the expansion, that 1s, the
chart number and letter designator of the
event, 18 Indleated Iin the base of the
triangle.

CORRELATION SYMBOL

THERE WILL BE NO IM-
MEDIATE DANGER OF
DIRECTLY FATAL EXPO-
SURE OF ANY CREW
MEMBER TO DECOMPRES-
SION

(16C; D2-
113070-9)

CREW MEMBERS WILL BE
IN IMMEDIATE DANGER
OF DIRECTLY FATAL EX~
POSURE TO DECOMPRES-
SION

The top undesired events anselyzed in thins
document are derivaetions of propositions
originating in D2-113070-9, Logic Diagram.
For the purposes of this study, en arrow
symbol as shown here 1s used to correlate
the initial fault tree statement to an
associated statement in the logic anelysis.
The exact statement in the logic diagram
has been repeated in this document in the
first box of each fault tree, Reference
is made to the source outside the lower
right-hend corner. (In the illustration,

the reference is to proposition "C" of
Chart 16 in Document D2-113070-9.) The
undesired event which is to be analyzed by
fault tree technique is siated in the box
beneath the arrow, and the fault tree is
developed hLelow that.
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%.0 GUIDELINE/EVENT RELATIONSHIPS

b1 GENERAL

The following tabulation provides a cross-index of the guldelines in
hocument D2-113070-5 which are related to or reference events given in
the fault trees. 8Since the fault trees deal primarily with decompression,
heat and radlation, many guldelines in that document are not listed here,
A numbei of guldelines enccmpass more than one cvent, and frequently, more
than one guldeline was derlved from or pertained to an event. In the
Interest of brevity and to avold redundancy, event deseriptions have becn
omltted from thle llst; these may be determined from the appropriate fault
’ tree in Scetion 5.0 of this document,

-
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-
o »
i,z CROSS-INDEX OF FAULT TREE EVENTS TO GUIDELINES
Guldeline
kvent, __No, Guidecline Title
R Fo1-A 3.18 Rapid Decompression Effects
- 1.1-C 12,13 Compartmentation
, L.1-D 8,10 Oxypren Leak Icolation
5,12 Oxygen Quantity and Usage
8,14 Ozygen Storage Tanks Redundancy
. 3,15 Oxypgen Usage Manual Control
2
- R ) 3.0 Netch Automatic Closurce
8.9 Invironmental Control/Lifc Sapport Systems (EC/LSS)
» Redundancy
. 8.30 Warning System--0xygen Pressure
“"“‘“f o Lo1-F 8,16 PLSS Emergency Backup
o . 8.04 Suit Loop Checkout
B 8.25 Suit Loop Components Maintenance
L 8.26 Sult Loop Component Redundancy
—., T 8.07 Suit Loop Munual Control
o 8.28 Suit Loop Outlets
" 8.29 Suit Loop Pressure Monltor
| - 1l.1-G 5.11 Pressure Suit Repair
S 8.2 Suitl Loop Checkout
12,48 Monitoring of EVA/IVA ‘
e 1.1-H 3.5 Hatch Closure
o |
. 1.1-1 L2.18 Crev Distribution
Yy aé# l.1-J 3.2 Crack Propagation in Primary Structure
° 3.17 Primary Structure Inspection and Repair
- 3.19 Spacecraft Structural Strength
L 8.17 Pressur~ Leak Detectors
o 1.1-L 3.10 Leakage Repalr System )
o 1.1-M
L..-B 8.21 Pressure Suit/PLSS Oxygen Usage
Ll l.0-C 5.8 Injury or Damage from Spacecraft Equipment
o 1.0-G 5.7 Exterior Equipment Design and Location |
. 5.8 Injury or Damage from Spacecraft Eqaipment
A
¥
j : - 12 -
e
o R Y e .,
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Guideline
Event No.
1.3-C 5.2
1.3-F 2.0
L. 3~ (.10
1.3~-M 1.1
L.3-N 3.7
1.3-0 3.6
L.%-P 3.8
L= 6.1,
L.h-C 8.4
8.13
8.18
L.Lh-F 3,20
3.23
1.k-G 3.15
l.b-M 6.8
1.5-B 3.25
1.5-C 3.11
8.7
8.8
1.5-E 3.3
1.6-E 3.5
1.6-F 12.28
1.7-G 12.9
1.7-K 5.3
5.4
5.5
6.10
1.7-L 5.1

D2-113070-10

Guideline Title

Crew Restrictlions During Docking
Flight Path Orbit Selection

Propellant Tank Protection

Compartment Integrity

Hatch Pressure Loading

Hateh Posltive Closure

Hatch Sesl Leakage Rate

Protection of Pressure Vessels
Contlnuous Control of Cabin Pressure
Oxygen Regulation Component Redundancy

Pressure Relief Valve Repair Procedures

Vented Component Replacement
Venting Provisions

Pressurizable Volume Relief Protection
Pressure System Safing

Warning Systems, Fail-Safe

Medlcal Equipment for Emergencies
Emergency Life Support Provisions
Emergency Pressurization Oxygen Supply
Equipment Design for Rapid Decompression
Hatch C)osure

Emergency Procedures and Training
Cargo Transfer Equipment Redundancy
Docking Closure Rate Control

Docking Light Redundancy

Docking Port Redundancy

Propellant Tank Protection

Bulk Cargo Restraint

- 13 -
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L ™
»
Guideline
Event No. Gulideline Title
1.7-M 12.35 Hazardous Resupply Operations Monitoring
1.8-H 12,13 Compartmentation
1.9-K 3.5 Heatch Closure
, 1.12-D 6.7 Pressure Systems Location
1.12-F 6.6 Pressure System Dynamics
{ l.12-J 6.5 Pressure Subhsystem Interconnectior
&gf_ 2.1-B . 10.6 Electrical Power System Location
L 2.1-G 10.20 Fersonnel Protection from Heated Surfaces
Mm%4 2.1-1 10.25 Spacecraft Thermal Protection
2.2-C 10.12 Heat Monitoring in Operating Equipment
2.2-J 10.17 Lubricants
2.3-D 10.5 Electrical Power Source Cooling
2,3-J 10.14 Ignition Source Control
. 2.3-L 12.37 Incoming Vehicle Emergency
e 2.3-N 1.24 Warning System--Contaminants Detection and Alarm
” 6.3 Flammable/Explosive Material Exterior to Spacecraft
g 6.4 Hezardous Mixtures
T 2.4-D 10.4 Cryogenics
ﬂa 2.5-B 10.11 Heating Element Flame Suppression
2.5-D 4,14 Routing of Power Distribution Lines
10.19 Overcurrent Protection
2.6-D 10.13 Hypergolic and Pyrophoric Material
e 10.21 Propellant Supply System Location
2.6-F 10.21 Propellant Supply System Location
{n 2.6-G 10.2 Combustible Waste Materials
v 10.21 Propellant Supply System Location
S - 14 -
e




Event

2.6-H
2.6-T

..7_B

AN

R
-~
i
=

-1

T

ro

f-M

247N

P
-]
|
=]

o

.8-¢

2.9-B

2.9-C
2.9-E

2.10-D

2.11-E

.11-F
«11-G

[ASIRAS)

2.11-H

2.12-C

2.12-D

Guldeline
No.

10.15
10.20

10.7
10.23

6.1
)+o3

4.5
5.9

D2-113070-10

Guldeline Title

Isolation of Oxygen Source
Personnel Protection from Heated Surfaces

I'lre Control
Self-propagation of Fires

Emergency Procedures (Fire)
Azslstance to Injured Personnel
Fmergency Procedures and Tralning
Pressure Systems Location

Emergency Procedures (Fire)

Hazardous Mixtures

Shrouding and Shielding c¢f Pressure Lines
Water Electrolysis Unit Cell Reversed Polarity

Protection of Temperature Critical Equipment

Fire Control
Thermal Control Temperature Sensors

Fire Alarm
Combustible Waste Materials

Airflow Cutoff to Enclosed Contamination Sources
Fire Alarm

Electrical Connections
Explosion-proof Electrical Equipment

Grounding of Spacecraft and Equipment

Electrical Ignition
Electrical Arcing

Electrical Cable Shorts
Mechanical Shielding of Electrical Equipment

- 15 -




Event

2.12-F

Q.12~J

2.12-0

2,12-p

2.12-Q
2.15-D
2.15-E
2.15-G
2.15-H
2.15-J
2.15-K

2.17-C

2 ol9-E

2.19-F
2 ul9‘I

3.1-B

3.1-C
3.1-I

3.1-M

Guldeline

D2-113070-10

Guideline Title

Cable Insulation Damage
Mechanical Shielding of Electrical Equipment

Component Design for Meteoroid Impact Protection

Electrical Connector Checks

Mechan'cal Shielding of Electrical Equipment
Connector Mismating

Protective Covers for Electrical Equipment
Mechanical Shielding of Electrical Equipment
Connector Mismating

Lubricants

Intercom System

Electrical Power Source Cooling

Intercom System

Hazardous Materials--Quantities

Fire Retardant Electrical Equipment

Control Procedures for Excessive Contaminaticn
Hazardous Materials--Quantities

Containment of Fire

Fire-Resistant Electrical Insulation
Assistance to Injured Personnel
Combustible Waste Materials

Location of Combustibles

Radiation Exposure and Control Program
Radiation Exposure Limit

Microwave and X-Radiation Hazard
Disposal of Radioactive Material
Nuclear Power Radiation Protection

Placement of Equipment and Stores
Spacecraft Radiation 3hielding
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Guldeline
Event No. Guldeline Title
3.2-H 9,16 Radiation Haven
3.3-E 9.8 Orbital Path Radiation Environment
3.3-H 9.1 Controlled Access and Use of Radiatlion Sources
9.3 Handling and Use of Radloacllve Material
3.3-J 9.10 Protectlon Against Nuclear Explosion Radiation
3.3-K 9.5 Nuclear Power Radiatlon Protection
9.6 Nuclear Power Unit Radiation Protection
9.7 Nuclear Reactor Safety
3.4-D 9.17 Radiation Monitoring
3.4-C 9.15 Radiation Exposure Record
3.4-0 9.11 Radistion Detectors Location and Charecteristics
3o)+-P
) 3.5-C 9.18 Radiation Protection During EVA
S I
R 3.5-F G.13 Radiation Environment Restrictions on EVA
i'”f“f 3.5-H 9.5 Nuclear Power Radiation Protection
; e 3.5-K 9.21 Selection of Materials for Use in Radiation
? 3.5-P Environment
3.7-D 9.19 Radicactive Stores
v\,
s
!
i
R - 17 -
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5.0 FAULT TREES

5.1 FT-1, EVENTS RELATED TO DECOMPRESSION

Top events of the twelve charts comprisling this fault tree are listed
below. Numbers in parentheses refer to the predecessor charts Iin which
the events originated.

Chart No. Top Event Page No.
1.1 Crew members will be in immediate danger of directly

fatal exposure to decompression,

1.2 Decompression results from failure of pressure sult
pressure retention (1.1).

1.3 Fallure of pressure retention results from failure of
structural matrix (1.1).

1.4 Failure of pressure retentlon results frum subsystem
failure (l.1).

1.5 Crew exposed to decompression, and protective action
not accomplished through use of emergercoy equipment
(1.1).

1.6 Crew exposed and protective actica n~t acc-uplished

through emergency procedures (1l.1).

1.7 Structural matrix failure results from ¢ -.mag~ urlng
space operations (1.3).

1.8 Decompression rete exceeds procedure response time
(1.6).

1.9 Intracompartment emergency action is delayed (1.8).

1,10 Compartment hatch failure hinders escape action
(hardware failure) (1.8).

L.11 Compartment hatch design hinders escape action (1.8).

1.12 Spacecraft liquid system fails explosively (l.4).

- 19 -




\/

\V4

SNAII0Ad AINIIIM3
HINOYHL QIHSTTdWOIIY

LON NOILIV 3AILIIL
-Cdd QNV Q3S0dX3 MIY¥I

INIWd1nd3

AINIHIWI 40 3SN
HINOYHL GIHSITAHOIIY
10N NOILDV 3AILI3L

<7

[NV WILSASANS
WO4d SLINS3Y NOTINILSY
JNSS3¥d 40 ™A1V

XYLVl

MWNNLONYLS 40 NIV
WOd4 S1TINS3Y NOTINILTY
IMASSTUd 40 NIVS

-0d4d QNV Q3S04X3 M3YD

L ] | | .
% | >

.

(H-t- I H 1t 1t :

NOLINILRY Nol! e
FSSTU Lins myns | | AMA0S LIS TASSTAY 4 -uzizg meassque v} | WSS 16T e
-Sd 40 TUNTIVH WOHS VIV WOUT SIS L R aonas 53 anIw e wokd 10 S501 Wb 3

Vo

NOIS NOIS
~SRAM0IX 0L aIS0dX] -SdHOI3C 0L AIS0dX3

SI AZ4D 40 NOILYOd Y SYIGIW MWD TV SLINSIY NOISSIUdw033a “N3AT NOTSS3HdnCI20 5137534 AIISSTuAMOI K “NIRE NMGISSTade 2N
[®) 4 ’ | L ¥ X J
~ 8 Le . ,
o ”_
I "
A I !
) ' :
— o
L}
N NOISSTM4W0DId OL 03504 SYNIIC NOISSTAAOIN |
X3 TV SHISWIW AR) !
| .
) @ - ) | "
. ;

MOISSTAWO3IQ OL FuNS
-0dX3 Wiyl AT
40 ¥IINVT 11VIQTAI NI
39 TUA SU3BWIN A3

(s-aLoett-20 *391)

MO TSS J4d0I 30

0L 4iG M AT ANY |
0 WNSOdXI Wi¥d AT .
-1I410 0 ¥I9KVA AAVIT
-3l ON 38 TUIR ReIML

T°T "ON 4BYD

ey g

EE AR TR




X~ L L30770-10

, <>

]II"

1 Q

2°T "ON 3a®'yQ

<>

<>

<>

(A0

LINS QUVH) TwATIV4
WIS ITINY NI SIS
[ 363 (QETU,UVE 112

(A0

LI0S QuvH) Tun1ivd
WIS HIIHL KL SLTASTE
KiSK 3i¥NJICYNI

(A0 LINS

140S) WNIVS 33dd1Z
IOMVEINT KT SLINST]Y
N9IS3G I1vNDIOWNI

V3S ISI¥N NI SLINSTY
N9IS3G vnD3aWNI

NV

Tvis M3IN NI SIS
N9IS3a 11vnbIaWNI

Junivd MNTvd

WIS LINTIH NI SLINS3Y
N9IS30 ILvn0IaVYNI

|

<> <>

<>

{"313 ‘ST
“1¥3H; NQILIRISIC
YIHI0 WOMd SLINSTM
TNWA LINS ASSd

4v3L LI7S JOSSTH4
WOdd SLTISTH IWWWC

NOTIV4iINI4 103080
NIIM04 WOed SLINSTY
INWC LINS FUNSSIHd

|

i

I9vwva
LICS wWOMd SLTGSH
MOILGIR PSSR
LIS ASSA 30 SSOT

| |

’-\

\/

<>

N9IS3G T3S JUvNDITVYNI
WY SLTSH NIV
W3S LIRS ASSIMd

SNINNOG AL TMVH
W4 SLIST UNTIV4
T3S LINS UNSSRI4

oLl

3

<>

SYUY
T3 LINS 30 JnIv4
WCY2 SIS NOIINIL
=id WASSRId 40 SSO1

SNOILI3NNGD
Wi 40 WOTIV4
WOY¥4 SLINS3H NOLINZL
-3 NSSd 30 SS01

J

RATIVE ATEESSY
1INS WOH4 SLI0STM
MOLINILI MNSSIUd
L1INS WNSSTHd 40 SSOT

5

NOTINILM

NSS4 LINS NS
-S¥d 40 NIV WoH4
SIS NOISSTYIW0D 30

- 21

e e



D2-113070~10

.

<>

<>

L <>

SUVE LYK JNSSRL

LTI WIS
40 FRTIVA 0L 30

IMDNIIS ¥0 IKIKILN
€34l CL 30a
STV KILVW 3ASSTdd

INIGVOT
RNSSPI IAISSIINA
W4 SLWSTY HIIVH
OSSN 40 NATIVY

<>

<>

<

<>

<>

<>

<>

e
QYRAME WSS
ORI M4 SIS
Y4 MLONLISIS

PNTYS 3B/ AVOT
TVNEILIND WOMd SIS
3TV 3 LIRLSHS

O1lvd
HTLYK J475STd N3
“LMVACT WG4 SIYSTE
TV FaLNEISETS

SaYo1l
eSS USRI SBRRLE )
nGEd SLUGS3e TANIVS

EZ)QREiLIBLE]
KOTI¥adIA 2ABavsl
7084 SLINSTH FATIVS

3417 N21LY4
TMENLINYLS 3Ly 03CYN]
WOud SL1I1SIY IWNTIV4

Lovdl CIMOILM
WOY4 SLNST Jnivs

SIJIMN0
VWK HIIR [Svdul
WO¥d SLNSTE WNIIv4

|

L

¥

INUVE ML LSS
MOMd SIMSR JnYvd
YDEIv LIS

) §

J

91530 MMALN¥LS
Adilud 31wnDAVNT
HOMd SIS WATIVY
EIULYH TVUNLKLS

AV

SNOTIVY3dO

3IV4S INIENG ISVRVD
Wo¥4 SLINSTY WWNTIV4
XINIVW WUALINYLS

U |

/

LIul w2iS3
SKITITINT ANJNOK AT
1IV¥cS WIS SLWST
VS VELNNLS

W

LI

TANLIMLS 40 NIV
W4 SIS NOILGLN
NSS4 0 MNVS

€7 -oN qIeud

AN g

5 o



D2-113070-10

<>

S EEE—

#*T °"ON 2X'UD

a...::@

ATIR1S074X3 STIVS WL
-SAS SNO3ISYS LIVYIIVES

ATIAISOIXT STIV4 W3l
-SAS QINDIT LV¥230VdS

:..-.GSAV

NOIL
eIV VY H0SSTHd
~¥JAQ KD SIMSTY WIL
~SAS [4Y4IIIVLS ¥IHIO
0 DTlvs IAISOTAX3

L

o/

NOLLYINIWIVYA

ANy JUASSIHAUIAQ

KI SLUISTY RNSSIUd
Y3IOND ATTVWHON WILSAS
40 NNTI¥4 IAISCUIXI

<>

TIHS a1 79w
MINLXNYLS IS 0L
0NLIMW DEIII40S
40 ST WOSSRQUIAG

MOIL
- 43173 THNSSTdd
HAVEIINGS 40 6T

)

11

L)

v,

:.-n.::AV

:rn.::Q

HNAYG 3ISOYD C1 IN3IDIS
-40S NOIIVINIASWYG ONY
JanSSI 44340 GINIEW0D

KI SLEISIE NCISOTdX3

ITYWYQ ISNVD
0% IALINOYA INIID
. ~14405 40 38NSS3dd¥3A0
NI SiT0S3 NOISCdX3

IV 3SOVD 0L IN3IZ
~1440S NOLLVIKIWIVYS
NI S170S3¥ NOISOTdX3

| &

<>

M OmiiS

#¢ MOLLYZINASSRIMINC
ML SIS wGIINY
W3I5ASE0S 40 SSOT

dWnd

OSSR L4WITIVAS
I S.10S3 NSILw0d
W3I1SAS8AS 40 5501

NCILIM
MALSASIS 10 SSOT
K SiAS NIV

<>

NOISQdX3
Je31SASENS W0Md SLINSIH
AT ITHAOH LSV LVD

NI4
WILSASENS WOM4 SINMNSY
RN vd ITHACULSVIVD

D |

v,

RATLYS HILSASANS II
~HOM ISYLIYD 40 SL)3443
WOM4 SIS MUNTIVY

B |

]

UATIVE K1ISASIS
WOM4 SIMSTM NOILNILTY
NSS4 L ATV

[A)
-3

Ty

AR ST T




D2-113070-10

<>

<>

<>

<>

L <>

<>

a311vd S1
NOLLINNS NOILDILN
INTRAINDI AINIYIMI

(NO1L3NN4

GNVIWO0D ) 03TEV4

SI NOLLOKNS OUINOD
ININAINDI AJN3ITYMI

(AVMOSYH NCLIVAIiOY)
a3Iv4 ST MSIMOM
FIND3 NGB

<>

<>

ETULOE 4 LT

~[ O ¥O/QM ALILNTIO

SNQTL

-VLINIT NWTH 3Swd3te
HiIR FTEILVdW0] 0N
SI INBdINGI AINIHII

INIA3 NCISS3udnCl
-30 3HL WC¥{ CIL¥TCSI
40 ATS¥eIATINT J319201
Si IN34JIAl3 AJNISEING

S3ILITIGNdYI

INTAAIN03 AINITEIWI
SG333X3 IN3AT NOISS3dd
03K 3l 30 3ANLINSWW

INIYNISNO) TVENA3D0Nd
0L 3ng Q3LYAILIY ION
ST IN3WdINCI ASNITUINI

NOISS3YdWOD3C 40 INIAD
3HL 0L ¥31dd Q34
ST INIWdINOT AINITUIWI

NCISS AW 0

40 S$133443 wOd4 IVWVC
01 300 IATIVHIHOK:
INTdING AINITE G

| -

) §

1

4

J

O

\/

aINdY
WIL LY ILWDICVNI
SI IMB4IND3 AIN3ISdII

- AMIM
3W1L LY INJISTXINON
SI INIW4INDT AINITYINI

ARV
INIL 1V JATLVHIGONI
ST INBJINGI AIN3THIG

1

3

L1

DEIN0I AINTS I3
40 350 HINOYHL QIKSId|
WOV ION NOILJV 3AL

~33108d QNV ‘NOISS3Nd|
-W0320 0L 03S04X3 KD

£*T °ON 3Ie)

IO

o

R

i s

s 13

N i e s s

3
i
|

-



9°T "ON 3IBUD

ﬁ
|
|

| SNOILVLIWIT NVWQ ONINIVYL AINIUIWI 40
, JOVHIAY HLIIM JT4I1Vd 3J¥1 OL 3ng 3ivnbiav

JWIL ISNOJST
NAII0Nd SA33IX3

-#03 ION RV SIYNaIN0Yd -NI 34V STWNA3I0Yd J1vYd NOISSIYdWOIIa
] § | | J {
m.u, AL Al
7 1SIX3 31vnbIay 0L QTYIHAY
0 10N 00 STNAII0Ud -NI WY SRNGII0UJ 10N JY STNAII0Nd
2 AINITHIN3 LVIUd0dddV AINIDUIAT QIHSITEVLSI AINIDYIWI QIHSITAVLSI
| . I

SRINAII0Ud AINIIY3WI
HINOYHL QIHSITdWOIIV

10N NOILJVY 3AINI3L
-0dd OGNV Q3S0dX3 MID

(79
«d




¥IJSNVEL SVB ¥0 QINQIT
9KI40Q S¥NJI0 VYA

YI4SKYY L
TINNQSH3d 40 09d¥d X0
INIMNQ S¥NI30 ISVRT

SNOILYY3dO 9NI
-%J0d 3ITITH3A JILSI907
SNIYNG SdndI0 I9v.vA

SNOTIVY3d0
JINYNILINIVW ¥O 3IIAY3S
S11&00 Q39UNINT 39Vva

SINA0W 40 WAIIAL
=34 30 9MINQILISOd
INIYNA QIWYNINI 39ViVQ

SIMNAOKW 40
SILITIILYS 40 ATGWISSY
SKINNA 03YYAINT I9VWYVA

T

| |

SNCI IV 3d0

ISVWYQ 1IITINI SNOIS

39vWVQ LOT NI

- SNOILV¥3dO VA3 Ve
4 1404dS 311S1907 A -SIN GIKL0 ¥04 03180d || S3INCOW INIWI¥IdX3 O
& WOYd SLINSTH 3wV WO¥d SLINSIY 39VWA -dNS ©NI38 LIvaD30vds | | SILITTILVS ONILISHO-02 .
&~ o
mJ 1 | ] ) | QV]
- ]
—
1
3
SNOLIV4Id0 140ddNS SNOLLY¥3d0
” JLISIS0T ¥0 VA3 LHOI 4 3I¥dS AIVTTIONY
i NO¥S SLINSTA FoVWvd ONI¥NG SUN2I0 IIVWYG
| 1 |
SNOTLYY3dO0
3I¥dS SNIYNG 39VWYa
WOUd SLINST JNUV4
XTMIVW TVUNLOONLS
L°T °"ON qIeuyd
T \ 2 S m - ﬂ# N R M -
i ] i :




D2-1132070-10

DECOMPRESSION RATE
FYCEEUS PROCEDURE
RESPONSE TINE

—

DF COMPRESSTON EVENT
OCCURS AT A RATE RE-
QUIRING TMMEDIATE
EMERGENCY ACTION

6 v

) (N

THE DECOMPRESSIOM
EMERGENCY RESPONSE 1S
DELAYED

L
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{
5.2 FT-2, EVENTS.RELATED-TC ‘HIGH AND -LOW-TEMPERATURES - -« - - oo
Top events of the nineteen charts comprising this fault tree are listed -
telow., Numbers in parentheses refer to the predecessor charts in which
the events oriﬂinated. e SRR .
Chart No. - Top Event e Pﬁgg-No.
. 2. Crew members will be injured through exposure to 35
petentially fatal hemt (or cold).
. & Crew members are injured through exposure to 36
potentially fatal cold (2.1).
243 Injury results from direet exposure to high 37
temperature element (2.1).
Lok Injury results from divect exposure to low 38
‘emperature element (2.2)
et In e e sl s Jrom direct exposure to heat 39
generatid by «Llectrical source (2.3).-
(‘ et njuwry roonlts trom fire occurring within a normally 4o
ranncd area of rpacecratt (2.3).
Gafeeees I duaye rezul b f'rom fallure to escape or control ’ L1
fire (o).
PR ndury »eults Cron fellure to eentrol fire (2.7). Lo
Cat Maaaal Cire emervan sy reaourees are incufficient to 43
kel e (803).
e Exape actlon L not facilitated by the fire yh
ennrgeney warndng cystem (247).
el An ignitlon oo urze Ls provided (9.¢), 45
el Wotage potential 1o avallable through an 46
nocldennlly exposed conducter (2010),
cal L elent cxpeen L precent. to support combtustion 47
(1, 6-'~) - - - :
e F”h.? LLld relemsed lnto manned area of space- 48
'T"‘ f\' ( [ ‘)Q
{ el Lrtory reuls from Indiret exporure to high 49
) * "".:.'"‘!’"!?"Uf‘ (I .‘. )A




Chart NG.

2.16

2.7

2.19

D2-113070-10 -

Top BVent ..o
Fire results in failﬁréwofmcrEW“suﬁsystem.(2;15);~ :

Fire results in faflure of EC/L8S (2:15)s e oo oo

‘Fire results In-fallure of electrical power siub-

system (2.15)% .

Compartment escape roites are inadequate (2.7).

“mﬂpase NOw o oo

52

53




D2-113070-10

THERE WILL BE MO INE-
DIATE DANGER OF DIRECT-
LY FATAL EXPOSURE OF
ANY CREW MEMBER TO HEAT]

G (160; 02-113070-9)

CREW MEMBERS WILL BE
INJURED THRU EXPOSURE
TO POTENTIALLY FATAL
HEAT (OR COLD)

| { -1
CREW MEMBERS ARE IN-. CREW MEMBERS ARE IN-
JURED THRU EXPOSURE TO JURED THRU EXPOSURE TO
POTENTIALLY FATAL HEAT |  JPOTENTIALLY FATAL COLD

A £:)

1 )
INJURY RESULTS FROM INJURY RESULTS FROM
CIRECT EXPOSURE TO INDIRECT EXPOSURE TO
HIGH TEMPERATURE : HIGH TEMPERATURE
B ' - |
INJURY RESULTS FROM

DIRECT EXPOSURE TO HIGH| HIGH TEMPERATURE ELE-

TEMPERATURE ENVIRONMENT| | penr

_ R b i e
INTERNAL SPACECRAFT INJURY RESULTS FROM
TEMPERATURE ENVIRON- DIRECT EXPOSURE TO
MENT EXCEEDS ESTAB- EXTERIOR SOLAR HEAT
LISHED SAFE LIMITS ENVIRONMENT

<SS T D

Chart No. 2.1

* A s N o s
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PRECEDING ‘
NU.PDAZQB?&M NOT FiLMED. . .

.2 .. FT-3, EVENTS RELATED TO RADIATION - -

AT

Top events of the seven charts .comprising this fault tree are 1listed -
relow. Numbers in parentheses refer to the prédecéssor charts in which
‘he eventc coriginated.

Chart o, Top Event Pagevﬂo;"
el Crew member:s will be injured by radiation during 56

their orbital stay.

“ed Natu—al space radlation exceeding the maximum 57
personnel radiastion exposure limit i: present (3.1).

“e An artificial radiation source exreeding maximum 58
perzonnel radiation exposure limit is present (3.1).

b Crew member: lack radiation protection through 59 -
inadequate monitoring and warning provicions (3.l)< :

<% o Crew members lack radiation-protection due to %)
tnadequate radiation shielding-(3.1).

ot Extemmal radiation environment warning and 61
mant oring provistions are insufficlent (3:h).

e Opew merler. are exposed to a radiation source (3.1). 62
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CREM MIMBERS LACK

&

CREW PEMBERS ARE £X-

POSED TO A RADIATION

SOouRCE

(3263, (-115070-9)
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6.0 REFERENCES

The references listed on the following pages were ubed-during the time

the analyses described in. this-document were performed.. Reference numbers

mateh those of the-master reference list glven in Document D2-113070-5, -~ - - -
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